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(57) Abstract .... . - , * t 

Jitter measuring device including a Hilbert pair generator (1 1) for transforming a measured signal into an analysis signal of complex 
number, a momentary phase estimator (12) for estimating the momentary phase of the analysis signal, a linear phase eliminator (13) for 
determining the phase noise waveform by subtracting the linear phase from the momentary phase, and a peak-to-peak detector (14) for 
determining the RMS jitter and the peak jitter from the phase noise waveform, and a mean square detector (1 5). 
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1 

m ♦ 

r <D fflz.l'Z-^'l 9 & = ^fc'a- — $ (microcomputer) rt^i^Dy^ 

30 ^COPsltC VLSI (Very Large Scale Integrated Circuit) J-y7±.<D 
h7^^^Wtlt Moore ©jfeS«^^oT*g«K*Wf-JSJ!inU^1-"C*5 0, 
>f ^ nnyt° a - *<7>^ n y ? mfc$kt> Moore O&IlJtCl^oTfgOT^lftUliM 

i: L"CV^„ (For example, see: Naoaki Aoki, H. P. Hofstee, and S. Dong; 
"GHz MICROPROCESSOR", IPSJ Magazine vol. 39, No. 7, July 1998)„ m 1 fi 
Semiconductor Industry Association: "The National Technology Roadmap for 
Semiconductors, 1997" {'H^£ *LTV ^ ? n 3 > h* 3. — 9 <D ? u y Z MM 
<Dj&&&7jk-ti><DX°fr>Z) 0 wdill^liRMSi/y^ (root mean square 
jitter) fc^n y Y £tlX\<^Z> 0 

aft v-^v^ A-efi, &mm&\zm,T i siftfftfttma-jftft^ «fc o teimnm 

f^SrJ&fcU rtL^rfi+BP^/^— ^ (phase-locked loop: PLL) [fil&g^A^-r 5 ^ 
fift^fcffi^ (maximum likelihood estimation) l^Stffr'^-So L^t N $tl!f&<!f 
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2 

GaAs^CMOS ^<>r *Btf|f SrJBV^C VLSI {b£*LTV^ 0 

<D-tJ-^ /I^FhI (cycle time) {cMJ&i~£> 0 (For example, see: Mike Johnson; 
"Superscale Microprocessor Design", Prentice-Hall, Inc., 1991)„ 9 n y $ 

{cSIS^HSo — Mi: UTIH 2iZ Pentium^ 5/ ^Sr^i-o HI 2 {^*5V^"C fil^E^ 
S (complementary metal-oxide semiconductor) :/p-tr;* Srfljffl L"C£./I*£ tt 
iiffl v'^.v i AT'f±¥*l>v ; ^^ (RMS jitter) Xit RMS v> s/ * 7)SMT*fcS 0 

k°— (peak-to-peak jitter ; i/y ^Oft^fl) dS-¥r£)Ibff?ja 

iiff ^*"rJ*<D PLL IsISStf)^* hKfi, RMS i> y 5 SrlEflftf-PJ^ 



WO 00/46606 PCT/JPOO/00644 

3 

PLLisiKort«fP«#ag-ca!>sm£Eftij«>*ss (vco ^mmmm^^x^^m 

Z.<D#mz.ffi&-tZ> PLLtHlKfi, {SLftm&&fctti& (phase-frequency 
detector), J--*— v ? 7^>"7°Il]S§ (charge pump circuit). /U— ~?y 4 
(loop filter). Rt^VCO^ejAf^^ttS. 12 4 K PLL HK<Z>£#|H|g&flirii£::/ 

iS«^*r^i"^ny^|g-^*)«3, 2oOD)g7!;^7o^D-FFl, D- 
FF2i lOWANDf-Fi'JM^tl^. ^1WD^7!) yfynyf 
D-FFKD^Py^^ckllljiSip^D-y^ (Reference Clock) 
^2©Df7!) y^D-FF 2C0^ d affile k PLL * o y * 

(PLL Clock) aSRMjPSixS. #7*— ^A^flS^DKfiaftJM '1' 

jfcfii, AND y— h^j^7 J) y~f~7 P y/l: V ~t y hi~<5 0 fifcffiJaSfttftWSJi. 

.»«t«cSrffi<-t*5DOWN(i-^-Srm^J-t-5 0 (For example, see: R. Jacob 
Baker, Harry W. Li, and David E. Boyce; "CMOS Circuit Design, Layout, 
and Simulation", IEEE Press, 1998) 0 

<fltfsjast*Mfca« (pfd) <Dvtmm&m&m6^7jk-t- 0 mami&&&ito&t±* 
mmfuvft pll * p y^osc*,±3ftsi93iyv j ^j; uttiex^-rs. ^Jxtfn 

7 iCTf^Ti 9 !1> 4 OMHz OSfli^ p (Ref Clock) ^ it L PLL * o y 9 

3 7MHzco<>; #{^{±, jafcgcSrSK -TZIttbiz 2 oo4*>±^0x3/^J;»)* 

®ffZ>k. fMJ^^&^ffi3Sf£&^i&&W^-£o (For example, see: R. 
Jacob Baker, Harry W. Li, and David E. Boyce; "CMOS Circuit Design, 
Layout, and Simulation", IEEE Press, 1998) 0 
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(i) Xtit a y ? (DtL-h^tf*) QfhYft*. 9 D y ? <7)s</lsXtfcti: 

(ii) mmm^commm^^ 

(iii) /u— y^tf»ti2oOtU^{4*tjftaii£ '0' -CfeS^fc^ /u— ^7 
fcfcKglJ-CSfcV^ fo5^1l:Ay^7y7' (hang-up) LTLI?, — 

no (-tfp) -c*fc5o h§ot, 

(iv) (fcffl^afesc^ma&tt^i-tt^fcs. 

— ^^IsIgStt, ffi*B«»«Cl^W» (PFD) /6^(?5^Sm-^UP % D 
OWN^»7tn ^'{f ^-U-<^ (i p , -i p . 0) l^f^tSo *:tf>a*tt, 

7* i? ? /nms§ u: *s tt $ in # * sf&fs &#o-cv^fci&. #^<^ r -r a 

-^{f ^W^/U^COggJ&^i&^i: ^5* i ?5"C > fc-5o (For example, see: Floyd M. 
Gardner; "Phaselock Techniques", 2nd edition, John Wiley & Sons, 1979; 
and Heinrich Meyr and Gerd Ascheid; "Synchronization in Digital 
Communications", vol. 1, John Wiley & Sons, 1990) 0 

El 8 a i^-ri 5tw, — ^^HIISf±2 KD&MMfrhmfiLZfoZo r. 

El 8 b {'7^i"«t 9 KA^'*"'* 5 0 IraSff ^-U P <t D OWN*««»cag 



i p =I p sgn(x) (2. 1. 1) 
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5 

i p =0 (2.1.2) 

tt£.^) 0 (For example, see: Mark Van Paemel; "Analysis of a. Charge-Pump 
PLL: A New Model", IEEE Trans. Commun. , vol. 42, pp. 2490-2498, 1994) 0 
rrt, sgn(x){±«F^-BI*-C*>S. t &lE<Dh%\Z- + 1 ©ffi&BitK A^rlc 

—■7^/1^ 5 D (2. 1. 1), (2. l. 2) &rC5-x.t>tl*7£Wfc i p 

@9b tc^-t- <t 9 mmwsE. v CTRL ii^BBx©isi y -n^b-r^o m^m 

fBJfcfci^-Cfi, SillE V CTRL li— 3£©^<Z?**-e«>5 (0>J;tfcf. ±12 Mark Van 
Paemel O^Ci^#^) 0 

V CT RL(t) = ^J t t 0 i p (x)dT + V CT RL(to). 

V C TRL(t) = IpR2 +^"(t-t 0 ) + VcTRL(to) <2- 2) 

t-ilf^iX'5o (For example, see: Jose Alvarez, Hector Sanchez, Gianfranco 
Gerosa and Roger Countryman; "A Wide-bandwidth Low-voltage PLL for Power 
PC Microprocessors", IEEE J. Solid-State Circuits, vol.30, pp. 383-391, 
1995; and Behzad Razavi; "Monolithic Phase-Locked Loops and Clock 
Recovery Circuits: Theory and Design", IEEE Press, 1996) c ~(D$&m\Zi3\,^ 
Xit. Ronald E. Best <D&.(D&X\-V£^. 4 frf 1 0 IZtpIt&Wi? 

7~7 -f /V$ t Ufc 0 (see: Ronald E. Best; "Phase-Locked Loops", 3rd 
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edition, McGraw-Hill, 1997) 0 fBT4fcJ&; £ HC N d (D Ronald E. Best <DX$k\Zffi7jk 

-K<0^f/^-i IsUl/'Jt-fo— A* K^Vv^&t^Ofctf), itiL(D? 4 7"W7 4 JU? St/Bin 
Xt)^yy hj&s&l^fc-CifcSo Hi 0»£*5V"*-CC = 250 pF. R t = 920n, R 2 = 
360n<h^^bfc o VCO fi, 011 iz^-t X 0 l 3l£<£> CMOS -f V/^— * I N 
• 1, IN- 2.- • - . IN- 1 3 J- J: t>flWc£*fCl/*5. tBSS«BEtt5VT 

f VCO = K VCO V CTRL ( 2 - 3 ^ 

Hf, KveofiVCOWflJ^-Cifet), ^O^IiiliHz/V-efcS, 
PLL j^ls^tfi^i (gJp^ny* £ PLL ^ p s/^<^^*>_h^ fjaiy v?^— gcLT 

^^^mgg^/i — "^7 -< vi^ ^ vco fiff 19 & <9 -tir-T, -tit* T-wi^§P^^i 
*:iWti$U5fctt3o ^*U'2tU S2P^ o £ PLL * a y ^ <7>.SC *> ±tf * 0 3i y 

j&s— gcLTW£^i:#Ki± (#l^8M*Jji) . vco <0«tSJa&ftS:2e5E-*-5;fc«>fc, 

ffiffiJS«[»1^tbSfi Up XliDownff-^-^til^Ji-'So f^^^^-V — 

^T'lslKS^/V'— ^7^/1^^-^ VCO l±, {f-^£-^9$i9 Lt^t Sttli'^SH^-r 
5 0 t£oT, PLL EK^rtSP^SrfllJ&i-SJifi, PLL Egg & 13 JWttflg 
5i«i)5wi:)is^»5. — PLL @^M*&i&l^il5£Sfi:l^£7^ 

BfRn^^ ci ;/ ^ ;<;\s^CD<'<;l'X-$i&7FVfefriZfc : 5o (For example, see: Ron K. 
Poon; "Computer Circuits Electrical Design", Prentice-Hall, Inc., 1995) c 
1211 21Z, * a ^ y</U^^l(DtLib±^K)B^mtiL^T^K>mPm^(Di^y ^ ^7^i~ a 
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taX'fo'So (For example, see: Todd C. Weigandt, Beomsup Kim and Paul R. 
Gray; "Analysis of Timing Jitter in CMOS Ring Oscillators", 
International Symposium on Circuits and System, 1994) c Z.<Dtzib, Z.<D 

vco <d&M&M<D7 y^A- v> y * (D^m^.ir^\z\±, vco J^^w^l^^ 

^fcj:^^ PLL EK^I&-rSSi|6A^fS#J±— ^ll5««rJR?B*clll«pLa*t, 
ttK»PLLIaJBS*sfiita»SIS:SliBL*v^«fc 9 - i* s S5-C*>« 0 -<E>aij5£ 

^fewit-fe^m 1 3 iZTF-to 

Acos(2:Ef 0 t)<^ifigtf>ft'Hi-A£: 0 %, -fc AS: 100 %b1rZ>k, 5 

X (zero crossings) i:(^-S^ 0 

(oscillator) ri»e>36££*L3 ^Srtfili: LTffifflltW (phase 

noise) ^ilt5 0 Sffi38lSS (ideal oscillator) ^ttj^jf^- X IDEAL (t)lil 

X IDEAL (t) = A c COS (27tf c t + 9 C ) (2.4) 

X osc (t) = [A c +e (t) ] cos (27Tf C t+9 C +A<j) (t) ) (2. 5. l) 



X 0SC (t)=A c cos(27tf c t+0 c +A(j)(t)) 



(2. 5. 2) 
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RKo,2n)o5<6Ba"c— — Me.#"4(|.(t)ii7>nf-?-c 

i: hfr\^~$~Z>* (see: Floyd M. Gardner; "Phaselock 
Techniques", 2nd edition, John Wiley & Sons, 1979; and John G. ProakisI 
"Digital Communications", 2nd edition, McGraw-Hill, 1989) e PLL HJES^tf) 

mmAJiffitDttMm^&m 1 7^-r D n-issriw^-rsfc*^. pll msg^s: 

PLL HiSSfi, 4tf>tifcSWf§ 

X ref (t) = A c cos (2jtf c t) (2.6) 

3 k<oi:<H^i"5o 
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X noise (t) =n £ (t) cos (2nf c t) -n q (t) sin (2nf c t) (2. 7) 



vco <D$&Wl&B 



X vco (t) = cos (27cf C t+A(|)) 



(2. 8) 



xp D (t) = Kp D f^cos(A«j,) + ^cos(A<J,)--^sin(A<|,) > 
12 2 2 J 



COS 



( A(J> ) + filiW cos ( A({) ) - ^ sin(A«|») N 



(2. 9) 



x n oiseXPF(t) = i T^cos(A < l))-^^sin(A < |)) 



(2. 10) 



N 0 [v 2 /Hz]<t<S^i--5 <t, 5£ (2. 10) ti*h, l©/u-7'7^;^AM©ffl 



Gnn(f) = ^T-[V 2 /Hz] (2.11) 



Ac 2 



ktaZo 



WO 00/46606 



PCT/JPOO/00644 



10 



£ib{C, it (2. 9) J: 9 VCO (D&WfcB k & TO^tefBM A <f> n / 2 \Ztt Z 

&ik : &VMbfi % lZL~$~'£> (see: Heinrich Meyr and Gerd Ascheid; 
"Synchronization in Digital Communications" , vol. 1, John Wiley & Sons, 
1990) o ffi ate, 0 ; =0tt5i, tUtiis ^<D{uM 6 0 t*mmzttl&-tZo 

VCO (D&W&J&nQOfe'*^? YWi. 



Ge 0 e 0 ( f ) = l H ( f )| 



2 Gn„(f) 



(2. 12) 



H(s) = 



e o (s) KycoKp D F(s) 



(2. 13) 



Gi(s) s + K V coKp D F(s) 



(2. 14) 



r-4-^e>n-5o ^(2. 11)^^(2. lVi-RA-tzt 




(2. 15. 1) 
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2 



( 



rt c 
N 0 B e 



(2. 15. 2) 



N 0 B e 

#t*t UT«S!l$tt5^t^/j:5„ {ifB*t^tfv^ — li, PLL /u— ^ff^-^ 

vco ©rtgpai^u: J: 5ffiffiS&^ pll mtJit *<D(SL#\Z t*<D£ 0 \z.%, 
lP^5# i l£OV ,k "Cj&fhJ"i~5 (see: Heinrich Meyr and Gerd Ascheid; 
"Synchronization in Digital Communications", vol. 1, John Wiley & Sons, 
1990) „ VCOCPttJ/jfg-g-S: 

Xvco-noise = A c cos (2 7, f c t + 6 p (t) + «F(t)) (2.16) 

tum-fZo ::t?, e p (t)i« vco <n$mx-ibZ> 0 rt&o&SitffcirjWt) 

m 1 9 tt, VCO <7}F^{idBM^Vu£;^LT^5o a« VCO OtH^jgTJWfiffi 

e p ( s )f± 

e p (s) = Kp D K V co— «>60 17 > 
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<D(s)=e i (s)-e 0 (s)=G i (s)-(e p (s)+^(s)j (2. is) 

5£ (2. 17) <Dd p (s) & it (2. 18) m ft Ai" 5 £ 

<D(s)= 8 i ( S )-^ KpDK ^ coF(s) <P(s) + ^(s)j (2. 19) 

s 

i/iSo it (2. 13) Sr5t (2. 2 0. 1) {£ftA-T5<h 
<D(s) = (l - H(s))(ei (s)- ¥(s)) (2. 20. 2) 

=If 0O |l-H(f)| 2 G 4 ^(f)df (2.21) 
BP*b. VCO©rtMIfl±, iSi«tiiiS7^/w^S:iio^:fiE^s PLL m 

o iz^ vco ortWSMHi^fi vco <o3gM&0offtffi$£#{-&3 o $ 
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pll sBgwttflnw^ vco (nft&f&m^it, vco rofstss^otitff 
i±i«««e^wfifcta«i^i: u-cttiw^Hs. ffco-c, pll tasgwiSWii vco 

g^Wl:i?>t^^i5M^^^-iW5, rtUi, vco Xt)$k<r> 

vco <DmM&te<D{iLffi$:7^? r Mz : mm-fz>^ki-& *> a. w- >3 

^mizv£& io a-ma:©^* h0^5r^i-a o — vlsi wf7 hm h 

~<D? a y ^ jKJgOSIJWSr T 0 i: , Fourier 




(3. 1) 



To=j5(f-f 0 ) 



(3.2) 
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14 

Hilbert m&kf&mtfi^r (analytic signal) Koi^TlftlJIH- 5 («i 
liSrittc 2 S:#RS) 0 
5fc(3. l)a»e>#a»3 J:5U:. ftJ^X. (t)<?5 Fourier 3ElftSrtf»-t-Si, IEtf>JH 

h/U (two-sided power spectrum) iWilSo ^GOiilj&ifetf);*^^ h/Wi 
jE©JSJ£8c<£>;*'** bfr& f = 0 <Z>toKMLTifr!9igLfc&l!fe^;fc5. t£oT, 
pEHftiJ*^^ h/W4 f = 0 ©il:SLT>!fi-C*fc^. BP^>. S aa (-f) = S aa (f) 0 L 

Bt*y h U mS'J-Ct^iEcO^^^^ 2 ffiFKUh*'** h/UG BB (f)fcj£ 
^"C#3o >t"{R!l^^^ H/^ (one-sided power spectrum) i:Hff^tb5„ 

G aa (f) = 2S aa (f) f > 0 (3.3.1) 

G aa (f) =0 f < 0 

G aa (f) = S aa (f)[l + sgn(f)] (3.3.2) 

Xli- 1 <Dm&%lZ>o :OJi«^^^ hW, flWff-Sy z(t)<£>;*^ K/HiSt 

m-r 5 0 «*fm# z (t) &n#iwiistte-c*3*i- <t 

z(t)=x a (t) + jx a (t) (3.4) 

x a (t) = H[x a (t)] = if_ + :^dx (3.5) 
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<k&5„ ^fgC^{i7C<^»x a (t){wSt^i-6 0 &&W±7G<0&J&<0 Hilbert £& 
x a (t)-c-#X.ibtL6 0 ^(3.5)-e^L7c«t OK, £>5i£7fcx a (t)o Hilbert 

x a (t)f*. &]&x SL (t)b—(DM:&&- (convolution) 



7tt 



r.<D|gWT?& 5 R^«> Hilbert |gjftSr*«>-C*5o A#H-, ^iNf^ife© 
Hilbert ^&&jgaii-3„ 



H[cos(2rf 0 ,)] = -lj^^^dx=-lC COS(2 " f0(y + t)) dy 

71 00 T ~ t 71 00 y 

'co42^t]C 5!i! ^^-^0tlir !!S ^ fl!l *] 



H[cos(27tf 0 t)] = sin(27rf 0 t) 



(3. 6) 



H[sin(27if 0 t)] = -cos(27if 0 t) 



(3. 7) 



^oy^ft^{^*r*Si-5^«tW Hilbert gE»«r»m-r*. 
jgfc c3 £r#Bg) 0 EI 2 1 <7>S©^ O 3/ ^ i£7f2GC> Fourier ^S^C(± 



, v 1 2 
Xd50%( t ) = T + - 

Z 71 



27: 1 , 2tc 1 -2ti 

cos — t cos 3 — t + -cos5— t - 

T 0 3 T 0 5 T 0 



(3. 8) 



T-#>5 0 Hilbert £8114. 5t(3. 6) Srffl^S £ 
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r / vi 2 . 271 1 . „ 2tc 1 . . 27i 

HlW^-sui-t-^S-t^s^-t--.. 



(3. 9) 



ttLlfftW, 11 0:*T*WglS^fp-C**)6„ ^Mtf>J^»JT 0 f±20 nsec T'fc5, 

flWff -^-z(t)(i, J. Dugundji frt£fc<D&&Wk (envelope) £ — S#H'*#>5 



A(tmx a (t)0&»£r3H-o ^<Dtc£>, J. Dugundji {± z(t)5r 7* JJ& 
(pre-envelope) 0(t) l±X a (t) <DHgB#{£fl (instantaneous 

phase) zm-to z.tD&mtDifvfmfe^m*, -(ommzte&fefeirzjjferf 
fca*-c?#s. Hiibert agifttt, &?&«:»tffm*§-~ .^tft-t-sfc^roy-^-cfcs. 

1 . Jft^ Fourier «lfe*fflV^-C«[0«:Jaal[»«*S^ift-t-S. 

2. A^/aiS^fiJc^^-tfD}^* h U lE^iSMcSj'Sr 2 fgf^So 

3. Fourier M^^t^^ h /U3rB#P^Js£^»-r 5 0 



z(t) = A(t) e j 0 ( t ) 



(3. 10. 1) 



A(t)=V^(t)+x2(t) 



(3. 10. 2) 




(3. 10. 3) 
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jiffi7>7 y/^ftlili^^ (complex cepstrum) & £> 5 £> 

»3g£ftfc<bO-Cfc5. («aJx.tfS:iKc5 Sr#J»). tiLMi$9kW& log(z) & 
e io g (z) =z i-^s^oigjtfjBci^fti-St, 

log(z) = log|z| + jARG(z) . (3.11) 

(€?iJ^{«i^c 6 £r#J8)o NfWJSEJK X a (n) CO Fourier 3Etfc&S a (e j<B ) £ 

h7Hog|S a (e J ")| h^ARG[S a (e Jt0 )]^ 
sft*'** h/UO||^£jg^^f~ Fourier iS*351ftSrf?<C 9 t , 

c a (n) = ^l_>g[s a (e jC, | jt0n dco 

= ^|_ + ;{log|s a (ej ta )| + jARG^ a (ej <B )]}ej« an dcD (3. 12) 

ARG fifiMH <7)±fS[ £r*i- 0 tfc*B©^i§Hi, KffiC-n. +jc]"C^«I*^5o 
Fourier i£f£ife«:i§ CTBSffl^ffi^ffcUltfcllfc-*-* fc#>, «3? h 7 A£ 

(unwrapped phase) frmAZtltz* 7*^7 5/^*814. fitff 



dn 



(3. 13. 1) 
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arg[s a ( e j°)]=0 (3.13.2) 



arg f±T is 7 y rf i\L^ $r^-f"o Ronald W. Schafer Donald G. 
Childers \Z£K), mfoWtWmtOitLte*^? b/l^>^il^6&l&# , Tls^y 

7 /U=f]} XA 2 : 

1 ARG(o) = 0,C(o) = 0 

C(k-l)-27i, ifARG(k ) - ARG(k - 1) > 7t 

2 C(k) = «C(k-l) + 27t, ifARG(k)-ARG(k-l)<7i 

C(k - 1), otherwise. 

3 arg(k) = ARG(k)+C(k) 
7S:#Rg). 

«9*:£<:^-ft:i-5o fifctl*'** h/uSr«iffl-rSi:#^>iSiafea^»ffi* s fev>i:, fit 

y^tfctBSrlElX >Rei><5 r. :LC£>t£Hf±, Jose M. TribolettCfc 

0»*$Hfcc BP*>. SCO- l2)offiffic5*B8«ctt»«:^BJ^J:5»fiaaf^"t?i5 
flglU 27t^JLtg*DLfcA^>Lfc^^¥iJ^-C#5^4 : Bti^ftt^^*6^-C-, 
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aig^ a p n )]-ARG^ a (ei Q Jf2«l(n) 

(3. 14) 

(DS^C/^jRfe-So Tribolet ©7 /W^" V XAIi, Kuno P. Zimmerraann \z£.<Qtif 

Steffi «&i-5fc*^::^{£ffiT^7 y^v^o ^prHl^s^-e— StfJi-teffi 

g(x) = a + bx (3. 15) 

(xi, y^P^ 2IH^^R it 

R = Z(yi-a-t>Xi) 2 < 3 - 16 > 

i=l 

TfM$:3iti65o ^(3. 16)<^^^ifca t b (roi^T<7>tii$C#S:fm U ^oi 
fi< t 
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^=Zxi(yi-a-bxi) = 0 
9b i=l 



(3. 17. 2) 



a 

L5>i IXJAl 



"LYi 1 



(3. 18) 



2>? -Zxi' 
L-S x i L 



,1 



(3. 19) 



= Zx 2 Syi-SxiZxjyi 

LEx 2 -(Sxi) 2 



(3. 20. 1) 



b _ LExjyj -SxjEyi 
Llxf-dxi) 2 



(3. 20. 2) 
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fcj>b#\ w(^^B#F^P^T int ^t 0 -^ v 5 ^^ Jpp t Lttfc^Wo I8 2 3 2fctfl8 



At = 



AA 



A27tf 0 sin(27tf 0 t) 



^ (3.21) 



27tf 0 A 



IH2 5(a){^, V^RT'j&0<D-e'P ^ P^$r^i-o £> 3 _hri> «9 ^ y iS<D 

•r5*-o<z>B**ij t i+2 ^-eo^rawiffitt, ::<z>=»iJ->r ^&(nmw&5-z-z>o m2 

5 (b)l±if p ^ o*j&»i9#«>fcl»B#jgJW P inst -b? p * p* t i+l 

t t i+2 frh-&#>tz.)o WftMW&k f ins « «± Pinst <Om&X'**Z. hthZ> a 
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(3. 22. 1) 



f inst (t i^) - 1/Pinst (t i+2 ) 



(3. 22. 2) 



-?*m v ^x&nm. * * ? * m ^ x c go 

x c (t)=A c cos(27if c t+0 c +A(j)(t)) (3.23) 
2id 0 t 3n / + 9 C + A*(t 3 ^ ) = ±2m7i +y (3. 24) 



■C4-X.6tL5 (WxJiXffiitc 10*r#i!B). feoT, a y ?iW*T&7l' 




(3. 25) 



x c (t)=0 



(2 7c A c ) (NTq) 



(3. 26) 
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? i?y ? J 3ic/ l*M<D b°— ^ v> y 9 J pp KTT'fc 5„ 



rii (27t) (3. 28) 

1988 ^, David Chu f±^-T A-f^^— y</UT^-7-t'if^^P^Lfc mZ-tiXtik 
c 1 2,S.t>*c 1 3^r#BSJ o mil, «J£ff ^"Oif P <7 P* n i (27c)CO^^cfi:n i 

IC, (ti, ni) £r/fH^5 tffliJ^— ^tf>FfH£*^7'l' >^$C (spline functions) 



J nn =max(A4>(k))-min(A<J)(l)) 



k 1 



J 




(3. 27) 
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■eJt&^:«IB|-C#5. m^^&X*)5:W£titzmmmM$:m.fflX-Z Z 

XolZte-otZo t^L, David Chu A-f ^^-^7^7^ if fc, 

* t3 5,^ff ^§-<£> rms * Jrhs ii«»t«:««t»-*5v^"Ciai^$tL5„ ^J^tl-r— 
*iiff 5 ^PtiH^ hj^fcO-fixtfS RMS i/y? Jrms i:L-CP B ^ 

^^fi-S^^AE-ht),^ (Hift) O-mtl^ RMS V-y? Jrms tLtt 
fct,tl5„ El 2 8&tMH2 9 h 7 A-Ti-^-fif^fflV^fc RMS *Jy9m 

H12 8^7F-rfM$t^^^^ h/uftlftJ: 0 TfflOwffijBf* 5 RMS i/y? Jrms 
X ref (t) = AcOs(27lf c t+ 6 0 ) (3.29) 

Ofiffi^ff -^A4>(t)a>ffi;>j£n6o -Oi: ^^l^^fiL^gl^^/u— ^IU8S (PLL In] 
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SA«j.(f) = Jo T ^( t )e- 2,lft dt 



(3. 30) 



G A(|»A<|»( f ) = lim ■^•E[|s A( j,(f )| ] 



(3.31) 



Parseval <7)^Sa>t, fiffliSW 2 St^pi^fil (mean square value) it 



COlp^-^g (MfljiM) & RMS (root mean square) v 5 y ^ t 



112 8t^Ufc«t Jrms I** p ^ *JB&fWE#0> G^Cf^fp-CjEflSKifi 

(ffl/ttfsri&jc 1 5#fig)„ ^i^(±, * (3.33) Kssi^ranl*-*-* 

G^(f)«jgjfc«C0>-LIEtef max 14 (2f c - f ) -Cife*. fSrSfe/JJbtf, 

ra«[«c«t 0 j£^Jss«:«5fflo G A4)A(fl (f) &mmi-z> t, ? a > y ? mi&gwmmfa 
fg£.s§, v v A-r-^-^'i'if &&mt-tz>o 33)-^n] 2 8 4><b&a>£ 



E[A<|) 



2 (t)] - lim ^JiJVW* = C G W* 



(3. 32) 




(3. 33) 
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10 ftm&<Dmi£&Fffl&&mt u ^-r^n^n-fe y-^^^^ M::i±ii/B-e 

$S9i£*ifco u*>u -t? p* p^owtc^i-s^— ^j±sj^$nri^v\ bp 
^<djl, ^ram*jc-cos^y^iai^t«j&»«*j6-t?05 rms i^y^a^t, io # 

M&<DWtiEB$fBl&&Ek't5o VLSI ©r^ hXit, "r^ hmS^tz^O 100msec 

vlsi (om^-y t3t^f»f^ H: fiiSffl t? # ft v •> t v ^? MXteX&tf h o fc„ 
? — s</isT^7^^&i>^^x&mmt&xmfc£)rix\,^z> 0 J: <9 iiiv^^^o^ 

p y 9 m^-co e> ©aj jess* t> *, i n xm^-r ziazs -v^-fv 

CD DVD {^*5(tS v^y ^SI^058!liffiSrlttW"f S. CD ^ DVD f±. J»*7* 
h^t-KT* RF fit (ttlf^-) llftt^. r^^iOt'-^tt, ^CD 
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RF (g _Lj&s t3ac*>T*s«J«Ptt35S^»«:»c*o-Cb* 9 (t^— r 
^J£)„ fctx.^ ^->o^3 — T^t^T. RF {f^OT^^* — >-^lti|iJ-t- 

3 0 h7^ • T-^7-l'lfSr 1 b*3VNfc RMS i?v?mi£^S3\,^XlZ^ RF 

<£> 3: -*E> «9 3=- y v> £ £ T K) ^ i? £ ESiJT* t ft V \, 

jft 2. 5^(DfiJ^-C'ffi< 4ot^5. «t "9 iSJV^jftjRO^ n y ? \% ^(D fc:°— ^ *Sy 

r©^©lo©|ftlt 100msec 3^<£>$aV^;* h B#F^T* fc°— ^ v 5 y * & 
5 VMi RMS v> y ? 5 v> y ^SfJfcfrifeRO^H 5 £ £ T-fc 5„ 

r. <D%£W(Dm<D S B»±, t£^tf> RMS v> 2/ ^ i'J^ t°— * y 9 89 J£"C# 3xfc 

r. tf>3gi?J <z> JE { d ftH CD g 613 it * T - 7 ~f*\st£ v 5 y * ^SBS. t>*;frv£ ^ffiWi" 6 
fz t »_ ^ ^ y ?xi±/RW RMS y * £aiJ5£T'# 5-^7^ iiJ^g&tf 

^SiJ^ife&OV'XIilll 2 9 LfcteffitfeW^K> RMS ^SJ^fetElfe 

t4<^ *> 5 y * ay ^« £is{£-r a n t #5 5 0 

* SiJ^© SrflHM- 5 z. t \z £> 3 . 

^ CD$g 9! <£> 5g { ^ fth. (D g tf) f ± is y 9 <D t X h ^ 7 A £ fflJ ^ T' ^ v 5 .y ^ SCI 
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&W<Dffl7jk 

- 7 y * as j£3£B& tf basset $ns 0 
hi 1 fi-^-r ^ D^ykv-^©^ p y ^ mmt rms * t^m^Sr^-rHi 

HI 2 Ji Pentium t ^(OT»r^f- y 7° • 9 n v 9 K7 ^^tUSS^^-rglT'foSo 
@4lj:PL L0BS<Dg;£tSj&£;^-t-E|-C£>5o 

m 7 iira«rtfcl&£j&sA<z>£ £o{&teJ^&&ffl^otM^i£ff2£^-t-o 
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El 8 a fi^ — i?-#^7\E\&$:7rk1rmx~SbZ> 0 El 8 b \i<f- — is-7m&<D 
El 9 a »±/v— zfZ7 j 'i"?fsl&&7FlrmX'3bZ> 0 El 9 b (ilH9a <D\s]3§~-At}£ 

010 ti&m? -< ^^-rm^mxh^o 

@1 l {±VCOIl]i&<7)— ^"JSr^i-o 

HIl 2 n >y ?(Diy'yy~<D— ^il^^i - ., 

111 6 fitetaii^ £6^^ wu<a&tfc£7jW-Ei-c$>5 0 

HI 1 7{±A^5a§(-$i#$r^PLrcVCOH]Sg$r7Fi-^n y ?mx&>Z 0 

11 1 9lirtSfBffi=lfl«I^S:W-f"5VCOlHlgSS:*i-^ci y^@ffe5„ 
HI 2 1 izm&? o y ?&B&7ikirmx&Z 0 

m 2 2ii^ o Hilbert ^^7Ft^@t'fc5„ 

HI 2 3 (±Bf ra^*R|C*5Jt 3 (DmfcM&TF-tmxtb z> 0 

m 2 4 1± tf— ^ v y * (Dsij^^^-rm^HiT'foSo 

HI 2 5a fi^ n ty^{f^i?n^n*,££^ElT*fc5o HI 2 5b (i-?-Oifu 

El 2 6»±<ffi*a*t^©^i:-tf n «3SI*<b$tL^5fiS:4i«l|fK)^ 

Sr^-THI-efcSo 
HI 2 7 (ilgsjf ¥®"t'GC>-fcf ci ^ p El „ 

HI 2 8 JiJ^2£f&f>UfKk::i3tt SRMSi^-^ (OMfetiA &^1-&mmx&) 5„ 
HI 2 9liRMS v > S /^wS'J^^Sr^-t-tIiCHlT**)'5 0 

HI 3 Oa l±9^yA<affi^»af9^ll%SfP* s ^tti$^Stt6figfll^cSr^-f-|a-C*> 

s„ Hi3 0b izmmm \,x9>yj*{iLm&miw^tf&m£ftzmmffi!&*n; 
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El 3 1 (±fl¥#Hf ^rt lt©V COtf>#g®$27££^i-|Il-C*fc<5o 

El 3 2 lir^H^lCctS v^y *»JJ£3£H0)& 1 <D%ffi.m*7FlT-7 o y*?mrQ$> 

n 3 4 (± ^ co^b^ et s v> ^ ^ m /Emm & u fc ^ * * ^ ^ s^-t- 

i3 5ali Hilbert ^M±^^^i~mXh 3„ HI 3 5 b (2 Hilbert ^Jfc** 
±&i&(DAt>®M*^1rmx*1hZ> 0 IH 3 5 c fi Hilbert &k*S£.f&?&<Dmt>m& 

El3 6a fi^ p y ? &m*7jkirmX*h Z> 0 HI 3 6b liEl 3 6a p y^Stffc 
£ FFT l^tcX^? h^^TF-rill-CfcSo 036c fill 3 6 b (D*^? h/H^*fb 
^iii§7^/U^ y >-i/bfcHl-e$>2)o i36d f±0 3 6c I^Srig FFT 

LtimmXibZo 

i37a «lSB#{Sffi*i^^>A^«-i-^^-r[2l-C-fc6o El 3 7b {2H#B#{ifl £ 

^-rm-efcSo Ei3 7c y^&M^^rmx^^> a E|3 7d teigfWfi 

Ei3 8a fiy -rfK+ai^5fe§§<^A^^<t)(t)^7F^-Ei-efc-5o Ei3 8b f±y- 
r^:t@i^*^^>ai^A4>(t)^^-rEit:-fe-5o H3 8c f±y — TlMI&^S&Sr^-t- 
EI-C'&So 

El 3 9a l±A^3^ p s/^^^=Sr^-TE|-efc5o El 3 9b Ji^CD A<|)(t)?!fe^>aS^ 
^^•TElT-fcSc El 3 9c (iif n^feoai^il^^^-fEIT'^So 

ei 4 oa {i^m^^^^^i[^T^p^^fflv^^^y ^^j^g^^i-^ 

n 5/ :? EIT'£>5 0 El 4 Ob {iA^^l'^" p ^-f ^5££rffli^7t v=;y ^il'J^^^ 

El 4 l l±if p ? D^i ^(7)^P^<7)^£<!:0^*{b^r£^ ; t : BJ4^r^-t"EIT*fcSo 
El4 2a fiS^f^^^^ h/u^^-TEI-C'fc-So El42b l3.^t(D? a ytifcM*: 
^-TEl-C^So 

El4 3a lil S^i^^ST-^gT^^^-^^ h/u^r^-TElT'fc^o El4 3b f± 
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HI 4 5liMOS • F E.TCD^? * — ? &7jk-fmX*&>Z> 0 
0 4 6 * P L LUISg^^i-^D 5/^(U-Cfe-5 0 

HI4 7a fiv 5 -;/ *j6*#^P L L \b}&<D V C O^A^Jf'*3tt S^^Sr^-THlT-fc 
So I§)4 7b fi^r^)ttl^j^*3^SS0^m-r[l|-r*fcSo 

i48a |±v^y ^ftt^P L LUl^WVCOCOtB^i^^^TF-MllT'fcSo 04 

8 b it^(D{iLmm^<Dmj&$:7jki-mxhz> 0 

04 9a fiv^^^^^V^P L L(Hl!^(^{^$l^<^I^H^^^^-ril|-r'fcSo El 

4 9b \tt<Dmffi%:7fk-$-mx&>% 0 

m 5 OI±v i s'^/J 5 fc'5 P L LlU3§^^-r^n ^ HlT-feSo 
i5 la lii^-y^^ifeS P L L0^VCO©A^l:*3lt STO^tUt** 
So HI5 lb fi^rOffl^l-^ftS^^^TK-rH-efcS,, 

HI 5 2a iiv^^JJSfoS P L L[Ui?§(^VCO(D{±}^^^S:^i-|llT**)So H5 

2 b fi^^M^^^^^i-n-efoSo 

HJ5 3a (i^-y ^^feS P L LlH]!^(7)fitg^<^I^H^^^^i-Ill-C**)So HI 

5 3b te^&ff^^-riHT'fcSo 

@54a (i;*^ h/ujSfet^«t 9}££LfcRMS v 5 ^ ^ ^^i"l2lT"fcSo HI 5 4 
b {±te*B$i^^JF^^^J; «9^LfcA<j>(t)^^-t-|2l-C'fcSo 
HD 5 5liRMS i^s/^CQ^i^fii^itl^-t-SIIlT'fcSo 

@56a o ^ D^j£(I<t D^t^Lfce— ^ v?^^^7F-T[ll-efcSo HI 5 6 

b li&temg&LKm-fEmz «t m-& l ac t°- ? *s * ^ Hi-e#> s 0 
m 5 7 (± e— ^ y ^ fg^tMS-t-s mxfr s D 

HI 5 8a (±-fcf a ? n^j&lC <fc OPLL^p y ^ (DmmfflM&MlE l^fz^^Tjk 
-THir-feSo HI 5 8b l±A<|)(t)?i{^J; ^it^L/cfiffi^l^^^-r^^HI-C'fcSo 
HI 5 9l*'frm*titz? o v ^CD RMS >y <? (Dmi^m Srttlfe-r SHIT' &5„ 
HI 6 OltftfflZfttz? d ^ is? ^<D*i^fit$rit^^-SH|-C'*>So 



WO 00/46606 



PCT/JP00/00644 



32 



12 6 la f±3 a ifi 0. 15 VOB^fjLtS^t^;*^ h /ls&7Fl-1&J&mX'&>Z> 0 [216 
lbli3a^0. lOVc^WfMJi^*^ V ^&tf1t®M^X'&>2> 0 

1216 2{±Hilbert #J£^-^i&ff2l2|-C*£>3„ 

|2i6 3l±Hilbert ^t&tt(DitiL<Dm$:7f:-tfeJ&mXhZ>o 

121 6 4 {± fc°— ? v 5 y *05ffii£&IftlJIH-S ti£><Dm]&m -C'fcSo 

HI 6 5 f±fc°— Wy?<nWE\U*:7v y h \^tz.mX&>Z> 0 

1216 6a JiiiM&Wj5S/«cv^P LLIgJKOVCOA^Sr^-raS^BI-efcSo 1216 
6b f±iI2£i&|5$##l^P L LH]8£<£> PLL^n >y * &tjH-2»|2IT*£> 5. 

in 6 7 (±»«ffs ^§-«3M& i i (DMr^m^Tjk-rya y^ia-efes. 

1216 8 »±lft^F'ltt*B«l3£SS 1 2io«tt>*y =rffiffil»*SSl 3 ^#^{£#12:^1-^ 
n-/^|2lT-fcS 0 

HI 6 9 f±*?*Hf ^-SgffeS 1 l^i^I^Ji:, h^^WFtFfSPSrf+An 

121 7 0 a <± 2 1 ftffl%s&^~fmx&>Z> 0 121 7 0 b f±|21 7 0a tf5#Ji££<DA 

1217 1 f±#ja Lfc* n y^KJKO^y^Srf^^^^P^a- :7°T-pJ^-f 5 

Ei7 2{±i2i7 i (^^^^A-caa^Lfc &m&(D&m&ii tv> 

07 3110 7 1 ro^X^AT-aOJeUfc RMS v= <y * t ftm%s<Dftffl%tN <t <^fl§#s 
Sr^-TI2IT-^So 

1217 5 {±121 7 4<Dv-^xAX-iiJ^bfcb:'— kftmmnftm&N b(Dm 

1217 6{±I2|7 4 Wv-^xA-C-SlJ^Lfc RMS v 1 y * t ^SiO^J^N <t 

HI 7 7{±IE3£2£f-iS^:5 7 n -y ^ff ^-^T-^-d ^-r v> * i: a — * 
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HI 7 9\ttBi$LtRi? o y ^f&^-Srr-^n^vf^/u^iftgi: — *<E>^r 

HI 8 0 iMStt^ o y ^«fS:7 1 p W^/v$ljHg!: = ^ i/-^ 

in 8 i a ti-fcf p ^ n^<o4a*n*iaiw^s/^sr^-*-ia-eife5. ms i biasfe* 

13 8 3fiHl8 2 fc^LfcHJfcW-*5tt5i£fla-£n ^ p *£HM$iHW0<E>lJ- 

HI 8 4 f£t£$£o * J* 4 y 5 — ✓■^fSW^fiSr/fi ^tiz t°~ ^ v> y * <0fflj£!Ofe 

HI 8 5f±E18 2^Lfc^Jfe0iJ<D^@^fflV^/c:t o — ^^y^WS'J^^^^tfiJc 
Sr^-rHI"e*)'5o 

HI 8 6 |±t-^ v> y ? *>SS J£HStf£* **Jy?<D fcf- * fitl- <fc "9 ^0-?*) S. 
HI 8 7 t± t°- >? is y ? (omtEMWl&Zk &iSy?<D& fH¥*&»^ «t I? ^"t~Hl X'fc 

So 

El 8 8J±^c^^P^<D!El-ftil^^» | J5r^i"[3'CfcSo 

HI 8 9 fi RMS y ? 0>SJ:£2SSM$m«: y * O t Q - * «H£ «t 9 ^i"HlT*^ 5„ 
HI9 0f£ RMS i/y?(Dmi£Mm&Wz*i>y * O S 3fc 3P*8ffil- «fc >9 ^-THIT'*) 5„ 

*-*"i-ei"C*j3. 

HI 9 2{i-^-r^/w- W - VJ?/\'i/y?(nmMMWi<D'&%z%:jji~tmx~&>Z)o 
HI 9 3{i^^©^«t i9i'J;£L/c-!^ ^i&v^^Wt: * h ^7 A 

So 

HI 9 4{±Hl8 2^L^3l«Sflf>J»-«t "Jill]ELtt'f>'«v?y?«tx 
^^-THlT-fcSc 
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1219 5 (±129 6 8 LtcmmmzX V fflJJELfcflMB $E&&fl$ A <Kt)©k * h 
1219 6 (±121 9 l(^Lfc3IM#]^±:9SiJ£LfclM*/l'- ■ *M9>Wiy 

So 

HI 9 8 (±121 8 2I^UfcHltefi»Jl-J:t)SiJ^Lfc7^^A^y^Wt^ 

H 9 9 a {±«PWm#^*$50jft^S:^i-|aT?fc5. 121 9 9 b (±{£fB$tWW £ 
^rO-t?o^o^-^^/ufl|[Sr^-ria-e*>5. 0 9 9 c(± T s =T in (Dm&(D&&ft 

II 1 0 0(± T s <T in (^^(D^tf^^^/i^M^^A^Ct)^-^^-^ 

0101a (±fl?Wff ^3IM^i£^£^112lT*fc5o 010 1b ttffi+BSt^SE 
~ tf)-fef o 9 n x-^^7 p /i"fB:?r^-t-|2|-CfcSo BlOlcIl T s = 1 . T in = 1 

Ell 0 2 attlMvag^s/^fcO^-t T s = T in <Dm&\^frtzl?-?i?v?Z 
Tjk-tmX'frZo m 1 0 2 bte-^V&v^y^tCO^-C. T s = 1. T in =17©i 

Hi 0 3 a(±i!S^AD^m^ff ^^^^^^i-ElX-fcSo Hll 0 3 b(± 

/HK5R9>J^«t^*:*i"Ea"^*>*o 121 1 0 4 b (±A^ff #SrT>^— fri^y 

121 1 0 5 a f±H 10 4a (D-^^T* M&&M(0 7*^<? h 7 A$r^i~|2lT'*55o 121 
1 0 5 b(±|2l 10 4 bWI^^/Wil^iJC)*^ h7 A£r^i-[2|-C-£><5 0 
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y^ffltJI^<0£*»il47cO^ n y ^ <D-\£ p ^ a *ttf&£{£?$ L"C (T-tfp^P 

LT{£ffifc£«i^-*-*Ui«fcV\ ^iJXLfi*. -hiB5fc(2. 5. 2)Xli5£(3. 23) f±d 

3£(2.5.2)XI*5t(3.23)a»e>, ffifflSt^K^A* (t) f± * p y ^ PJR^C^lSi- 
5 8&i£&<£>fc*S Sr 7 V ^ A m3E{fc $ -BrT V > 5 t tiftlX # 5 . ^ Afir+a^ 

gf±, HI 3 0 (a) \Z.7jk-tX o I-. 7 ^^tete§EWfg^<^#»<^"C**>5 (0»I 

t£-fZ.t\z*tfc-rz> 0 HI 3 0 WBIHIfittt^tfcSo^o y ^EISria^L 
-CV^«. PLL lslKrortSfR*#^.5 £ , HI 3 l tc^1- J: 5 I'^JEfM^filSs 
(voltage-controlled oscillator; VCO) (DmM&M&ffltifim %■ t LXfflLZ.ft <fc 

(D&m^ cfc5 V s y *a']S3£fi£>f& 1 <^^^'J5rl21 3 2{'^'p y?mX7F-t 0 Mz- 
tfttWSfc PLL ESS 1 7 frh(DT-)-v y<D9 p y ^^JF^{±r-^P ^'-r'v'^/l^&Sff 
ADC CJ;»)fv?^;K7)^Dy^|ff^nt, l!?^{ffft¥S 1 liLT© 
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Hiibert ^n^m^mm^n, ^frkvmm&mmm^^Wktsft** r. 
commit n-\±mm<iLmmmm 1 2\zx^%m\&^-<omm{(mtm^^ ^<rm 

i 4 *c tf — * v> y * ^^ai £ * fc^ta^is^ h i 15-es 
pll [HissfiF^^r-fiLtai^M^^-f , vco \zmm-t-& ^ • v? y * (Wj.fr? a 

r=t^ hi*Mfc^xffimz-mw.x°zz>fr<bxtb% 0 *mw%fc tv efc^m*o*i 

10 tf ' y h£l±&'&Mb-$-Z>k&£>tlZ> 0 

HI 3 2 Rttm 3 5 li^i"«WfS #-f£&#ffc 1 1 £ UTS) Hiibert ggifc»&fi&3& 
p y ^i£^x c (t)£rfi?#Hf # z c <t) 5. ^(3.6)«ki9 x c (t)<£> 

Hiibert Mfelt 

x c (t)= H[x c (t)]=A c sin(2nf c t+0 c +A<|)(t)) (3.34) 
z c (t)=x c (t) + jx c (t) 

= A c cos (27rf c t+e c +A<|)(t))+ jA c sin (27rf c t+0 c +A<|> (t) ) (3.35) 
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3Sqi§=ibft5„ rwi^, 121 3 5 a lL7jk-f£. y {z? a x c (t) Sr^J^iiiiT' 

^/u^ 2 1 a SriiLT. &lflifcric#£iEi^»'&l»*U -t*>7 -f tiM *M 

c (t)©S*MiSt f 0 K*tU m&mi&7>('l'*2 1 aOiiiSffiFtttt f 0 /2~ 
1.5f 0 i:t5o &*5fc/i"</i'h3E»»2 lrttiflf«iiia7-f^^S:(ix.fc'{>©*s 
fc>9, ^^>^(±s ^ n y ^ ^ x c (t) §r^e © t h 2 1 ^tf^ L 

* n y^fi[3^roiK*&<0^*»Wfff^-^lfti"S. 036a f±5u<£>^ n y 

6 5tilFFTSf|J21li«t»3^P y * 2£7££ Fourier '^t5 0 *zV>W& 

t£3k(DffiW*^? h/u«:EI3 6 bl^-To *jf*£:7>f/u* 2 2^i'9^0^ 

aS8tffc#&;& y hi"5o I^H#{-, 133 6c {CTF-Ti n ^«EJ^©S*jKW 

*Srfflr«eiiiS7-f /U^ 2 2(^J:0«t0Wi-. Z.<D*T y Zf\± Hilbert 

i:«F«ciiia7^/u^ y I'y&mmz.ftte?. HI 3 6c <D*^ FFT IfP 2 

3 K<fc 0 Fourier a»fElfe-rS i»*fffi*)5S#e>tt5. *?«Eiiifi7 >f /I'* i> 
«fc 9g#&<^i£^Ji&mj&#<^£Ei l 9 WU^b, EI36d 05«4Ff(S-^J4^ 

7/^yxi, 3 (nafe^*-t«>s*a!tow*fft^-iw^ift-i-5^«i) 

1. ffiifi Fourier S&feSrffll^T x c (t) ^Ji^^^^-T So 

2. ^©^Si^c^^Sr-^cHc* y b1~Z> 0 ? v v ? m&%t;tt&(Dffl18.W:i&ft(D&- 

3. iiiiS Fourier jg^J&Srffl^T*^* HyuSrl^KIBtt— 3Eift-fS. 
H8B#{&*B4§;£S& 1 2 (i, z e (t)Srffl^-Cx e (t)©»«Ffi£4B«:*^-t-5. HP*b 
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0(t) = [27if c t+0 c +A<j)(t)] mod 2n (3.36. D 

m-to o&vme 8 iz^-rx o ^mmn^m^ 1 2 i-xnmm^ z c (t) wi^b#^ 

G (t) =27tf C t+9 C +A(j) (t) (3. 36. 2) 

y=7fH^?lfSU2 7t'iit'5i 1 BgB#{£*@<7)^»jJSA<|>(t), BP^{£f@$t# 

9(t)=A(J)(t) (3.36.3) 

03 7b fiA<J)(t)£r^i- 0 r^BJK^ffl^ixS^^SiJ^T/i^' 
yXAIi, A^WiJ^fc-^^y^Jppi RMS ^'^Jrms^ t°-^y*>t° 

j„r. = max (A(|.(k))-min(A<J>(l)) (3.37) 




(3. 38) 
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T ZERO tm-tt, ^P5/^»x c (t)ii 



x c (t) = A c sin 



271 



L T ZERO 



(3. 39) 



i45. 5t(3.35)£r/B^5<i:, Hlffet 



z c (t) = x c (t)+jx c (t) 



= A c sin 



< 2k ^ 



l T ZERO 



— j A c cos 



T ZERO ) 



(3. 40) 



&'&t±>tl%o ^ (3.10.3) <fc V x z c (t) £>HgB#/^3& (instantaneous 
frequency) 



rM _ g(t) _ de(t) _ x c (t)x' c (t)-x c (t)x^(t) 
U ---- - x c 2 (t) + x c 2 (t) 



2k dt 



(3.41) 



f(,)=-!- 

^ERO 



(3. 42) 
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m&WfflJ£im ^>if p 9 P^^«fco-C95:^^nTb^ ?„ — A<|)(t)&«, ^ 
m%1t*> <D-9-^-?A'&t:IQ J $'-t- kick v), B*ra#»tBfcffiffi#»IBt>lRjJi-e# 
5„ 1213 9 «, t*3KOif p * n*fe£A4>(t)ife0>7*— ^SrJfclfe LT^5. fltBHW 

Ac|>(t)£fe<tif p * D*ife©«#<fclRIIHO±PR&Jfc©rr5. A<t>(t)feo 

tT^5fc^(3il±, B&^pAPWfS-^z c (t)w{fe*BSIti»c J;«3/h-ej&»tixti35ce> 
fcv\ z c (t)^r.O*f*S:«|fci-fci?)^t±, l JH»i 1*1 H2orofy 

7/\sti*mT&mx'm*\t£frtertti<& f £t> t ^\ Mx.t£. *t 0.23) x**§-z.btiz> 

x c (t) <D/i$?icf± f c -cas>5j6»5>» fiS#ffclSMffi<0J:fRf±i/2 f c ±:ft<5. — 

if p ^ p ^ jfeo WaC*<klBBHO-hlSJ4 1 / f c "Cfc*. 

#:ln N i£3£^P (quadrature modulation) Srffll^SS^ffc^ifeteo^-CKW 

So 12 2 8 2fcr*EI 1 6j&»b#36»5«fc9fc^ v^^Sr^o? p y a y ? 

n y^aJt^iffirSSftSISft^- (bandlimited signal) "CfcS. rc£>fc£>, i£&f£H3 

§§^-r^p 5/^@t-S)5„ A^tfcx c (t)li, Uto^tCt^ 
cos(27i(f c +Af)t + 9)+ jsin(27t(f c + Af)t + 0) (3. 43) 
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-^£-[cos(27iAft + (9 - 9 C ) - A(f>(t)) + jsin(27cAft + (9 - G c ) - A<|>(t))] (3. 44) 

0(t) = [27cAft + (9 - 9 C ) - A<J>(t)]mod 2n (3. 45) 

6 (t) = — A 4> (t) (3. 46) 

U-ticxK)^ m&Mmti&ffimiiiy ■< ^ *&m^fc>-fr5 i^cto, A<t>(t) 

— < "TS^ i:^-C*#5 0 HI 4 0 b [^i^-rci V^f lsJjjX:b{&t&T&i&7 -i 
^tZm^G-frltXh. [^i©M^#?3ti5„ o ^ "9 At) ? n y# x c 
(t)»4 5*Mf-C cos (2 7c (f c +Af) t + 6)t>mW-£tl. t<0 5 =*-1f-(7)tti;^te 

ADC T-^v^/Mf^-l^&^tu -tcD^v'^^fS^-ttWWm^-lgtft^l 
"C(D0iJ^(±'Hilbert ^&#£/&^£fci?&£ax<5 0 

^ T .neas.2ER0 TPS<^«f ^ffc^^A f K ^fti" 3 N tf^ ^ h <£>A(}> (t) 
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T meas,ZERO - 



_N 
Af 



(3. 47. 1) 



£#3„ BP*b* A<|>(t)jfef4-t*P* 19 2 Kfgitlif KA<i>(t) £®J5e-C*# 5 0 

A(|>(t)fe{4KSrPSi-5r £fc:«k 0, iBJ^ra^WffiS:^^— 7^/W-3E 

fettlTLtoXl^o 04 11:, A4>(t)jfc£i£n* a*j£©^ife<0iiv^jfc*fe 

WL-CV^fctf), A$(t)<z?*'<* h/u^S:«S|-et5JS«[«[*Slffl* s ft'Jffi**i''C 

fi?*frm-^z c (t)£4M-r<5<!:#t-li. Fourier tE&Srfflt^ 5. rcD<!r#, 
x c (t)w(t) (x c (t)|:«w(t)^»ltfcjg?i) SrHSii Fourier ^Ifti" 6. - 

(tfiJX-te'lfciSfcc 1 7*#fig) 0 Z.<Dtztib, Fourier iS*3Elft^ =t oTt^ L/c 

S»x t (t) w (t) li, S#]tf>0#£ij £: ft&<&B*^ttilrl:::te^-C*:# /j:^«r«pt>. 

#£i-Sz e (t)w(t)l£&BI#*>iz?l& l/w (t) Dt z e (t) U ffiJft© z 
c (t)w(t)l±»T£3«r;ifci\ 




(3. 47.2) 
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-(DJJ&X'IZ, 1024 is h(Dx c (t)frb 512 tf?^f > h<D z c (t) La4£j£"C# 

::-e, x.umafcjgSE^y 77 ^IB^^nrv^s k<BLm-rz> 0 z c (t) 

(75-^^-7 B /^$rit J ^i-/t«>^fi, ftjeiE»^y7r*r— SIILT (overlap) 

z e (t) SrJi^-TS £ # fcfi, x e (t) <z>fi*IKft/h<z>§g91 Lri»-5-*.ft^lSBI#£: 
/fiV^^-CfcS. r<D^Sri«yhi-SBi»ttHanning-C*>5 ttlcl7) 0 

1. ^12^777 3 1 (HI 6 9) <^3feSS*»bx c (t)S:5t«9IUi-. 

2 . x e (t) iciit w (t) &&B8&3i3lffi 3 2 -e#Ht 5. 

3. ifjjg Fourier 3 3^<fc»9 x e (t) w (t) Sr«ft«cfia*E^3EJft-t-S. 

4. ja©Jg|«t«cfi5c^*Sr«P«iiii7-f yu^ 3 4 K «fc V) if p y h-tZ> 0 

5. flSJ^Fourier i£3Elft«IS3 5{^«t»)^^ H/i'SrNFrafiHilt^^lftb, z c (t)w 

(t)«r#3 0 

6. z e (t)w(t)^JgH«cOiS!*S:, »I!W3 6-Cf z c (t)£#6 0 

7. »ta^<-y^T/6^ x c (t)^r^<9ffi-r o 1 o|ffl<0 x e (t) £li 

8. z e (t)^«c&#3*-C. _tfS2-7 <7)i§^=lr^'9 il-To 

ft:0iJKovvC!fclJH-*-So 

* n y ^jSff$c75-lf a ? □ X £ * a y^^oS^^i^ 

ID 2 ll^Uclg^o^^W^^T r^ff^g^i&O-tf p ^ PXliS© 

^Wif o ^ a xit$g$rf^LTV^5 (-£ p * a ^ (D^S) J ^ <t £r&IE-t-5„ 
^ a y ?1&M$: Fourier '^&U S #l£<£>JSi 81 U 2 &W_h<75 

iiil^^i&^f&^Sr-tfc 1 -W^^^ h/u^r Fourier j£^^UB#Fh1^S1s!c 
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^3l-c^ffiv^-cv^So italic , 13 2fcSP^*x*ogr>^fp^^^ h^tm.7t^.m^m 
pll iggs^&fflLfcis^o^-cifciii!-*-*., pll iaKi:L-c. t«6S5^oRW^ 

*3V^^^Ufc PLL 0?g^fflV^c o HI 4 6t^Lfc PLL [hISSSt 0.6|imW CMOS, 
W&WSE. 5V i: L, SPICE is 5 a U'—S' a ^{£«k <9 #H«[J^S:#fc. (§1 4 5 fi MOS 
FET©^7^~^^Lt^5c VCO <Z)«lg«R»J± 128MHz T'&So 
(divider) j&S VCO <DmM$iM&4ftffl U 3 2MHz©PLL^n.^|:f^ 
-f5„ SPICE v'^al^ — ^a^KJK^Ffl^tfeti 50psec "Cfca. fcl^ f£fg 
*t*K^A*(t)*S'>5 a- '>3 ^«EJKA»e>tfJf^iXfco A<b(t)<Z>J£^fi Matlab 

[214 7a {± VCO ^(DA^M^m-to @ 4 7 b J± VCO (D§£Mi&BXfr> 3„ rtf> 
VCO (DiHf}/*'? — h^SrlU 4 8a l^t"* 8092 ^-f >- h<D VCO 
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[Z. A 4 JS5&KI#" (0>Jx.liXiRc 1 8£#?$) SrSHt. i%& Fourier £ 

4 £JE^Ttg^:L*:A<|>(t) W?!7 — WMB&KHBrCfcS. o£«3lH6 9 

fi?#Hf -*§- z c (t) oWTO 0 (t) &1$3#{£*S 1 2 -CfgJt U ^flDW^ffi 

(t)S:*«>, -^OfitS^WA * (t)tf>^°!7-*-<^ h/uSr*^* h/u#Wf«J3 
7t^ft5 0 j^il Fourier ^W^ftf±VC0(DttS^^ 17^^^ h/l"MEIB»«:Jfc 
tbtikZ tfflCX'&% 0 IU4 8a tH48b £J£|Srr<5 £ , A^t)©/^-^^ 
* N/UT-(±, 128MHz ?5 VCO <D3gigJ3ljK8t<0*'^ V/^ifim 120dB 

Hl4 9a{i, if n^jfetiJ; >9 VCO (DmM&l&vmWmM&mTg. Lfc^-Cfc 
£^-f 0 2jfeS5fS«£*-g-**:v^jaiK««SBB (l OMHz-200 MHz) <dx-<? 

flf*KiiS7-f^^"ClR0WL. Sit Fourier jg&Jftt- £ <9A<j)(t) Sr#fc 0 

|H4 7aa>b, JBafc#7s>:7 > ''</V*l±*SJ 1127 nsec tf>B£#J(;i VCO 

M 1314 nsec (DB#^iJ{C 2 OtfJjS&gC^ 
/U^^ VCO— Ml^iX-CV^o rtbfi'>5 — i^a V^ffi^/c PLL Is]8S(Dt4tg 
<Dfctf>-Cfc«. 0 4 9 b<0A<Mt) S»7 7^^^^flU5t 

4BSE{bf4^ 1140 nsec C0B#^J{^mH-CV>^ o 2 0(7)^«^ <> >w*/U;*<0|aff 
tZjiZfSLfe&ikfrlfo 920 nsec <t#<) 1325 nsec (7)BfglJ{^ig.nTl^-5o 
^^J7^— ^ (deterministic data) X°frZ> 0 HI 4 9 a <D$fB#J^ttf]T'{±, ^ 

I^WLT y^'y<J\-^(D^m^^^^Mm(Dmt\^ H30 nsec ^B^Ji-SmT 
l>5 o ^^^^^>.^n/UX(7)^#S' J:5^B#/^^^>^fb75 ? ^ 910 nsec ^B^H- 
gyx-tV^tf^-e&S,, #3 1314 nsec (DB#^iJ(D^^^^>-/^U^(^^{il|^ 
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£D<HM-C#5o ttJfeO-tfB^p^jfeJ: UHv^»tB-efcS„ A(j>(t) <£>/■? 7- 
gE^ifi^fc J: 5 f-, vco {w^n^t^^n^, vco (DmM&M<D{\L&%: ? 

i?y?*UU—>3 VLfc 0 tf^&t^teMatlab <DH33& randnO £r/B ^T^g 
SPICE ">a>{i«t "9 HI 5 0 t-^ Lfc PLL [UJ&cD 

VCO A7J«S fc: # # *S§# Sr A n ^ fc 0 

HI 5 la J±, jtf^*^^?) 3c£ 0.05 Vt Lfct # <D VCO ^A^tf^tto 
H15 lbfiVCO<£>3g8§i£7f2T-£)5o HI 4 7 a iHl5 la Srifc^Si:, *J?9(DtL 
#>(;:, i^iS#:Ty7°-^u^{± i 4 — , m&$kW^-'<^* t> 2 frb 3 ^if 

^-CV^O^^^^ o - <£> VCO (Dttit)''*? — HA-&HI5 2a{C^-f- 0 

(07.s<>7 h/t^J^jnLTV^o HI 5 2b {4, A<|>(t) <ZV< 17 — h/^^M^C 
-Cfc^o Hl4 8b £HI5 2b £tt%i-FZ>b, Ab(t)<Ds<V — &mfi[lLX\,^Z><Dtf 

ins 3<±, v£M<dh nxfet rc^ias^^ $'J;£^?& SrJt tfc-T -5 t> 

tf>T-£>3 0 Hl53al±, if a ^ n^&J^J; I9 VCO (D^tli^^co^B#/iW^fiiJ^L 
fcfe*-C*>*. H5 3bfi, ro*WJw«tS^s'^SaS^j£Srffl^"C«I^Lfc 
A4>(t)$r^-t- 0 HI 5 3 <tHI4 9 &Jttfc-t--5 <t . ttJ&-t-SJ£fl2<a£ffcris*# < 
5:tF^5= BP^, v^^ftv^ W*B#Ja»l J 5 , A«j>(t)f±teV^«ftffe^^ 
Sr^-r o — ^, v^^£>5 <t tdfi, ^B#/l^A(|)(t){ili:^^Jii;v^&^:fife 
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^.^S^b-CV^,, $e>*w, H5 3a £1215 3b £&Si£< it^S £ , &<£>w 
£tfs#a»5„ (i) B*i^ra»!i:AjKt)(i*J5:vMc-^^»ffi(H-e*)S. b^L, (ii) 

A^M^mmmmx^m^nmhitLm (mm) ssv\, 

fcfcU RMS v*y*«ij£K:ov<>Tf±. A*(t)jfei:^^^ h/Hfe£«rtfc« 

^ h/ui U, ±3£UfeT/i'=Jy X^4S:fflV^IS^LfcA<|»(t)<Z>^!7— 

OMHz-200 MHz) <Di£ffi*Hf/*!7--:*'<* h/KOftSr**, St(3. 33) Sr/BV^T 
RMS y * b fc. m 5 4a <Dm< m*) - OS««C»SBB 

^stifc-rs*^ h/ur-fc^o — A«i>(t)i5fef±, ±iE7^yxA3t^ 

(3.38)<Sr/f^-C Jrms ^*i^bfc„ ^*Ui, ^4B*t^^A<J>(t) W^ffitd^i- 
5 0 jJV*m. : m<D 3a£: 0 Vri>ib 0. 50 V tLX^X-, HI 5 0 \Z.7p bfc. PLL H!8g<D 

vco wA^jjffii-An^. vco o3§$g»tf> rms <^ ;$MiI£:J£^ b/c Q 0 5 5 ic^-f- 

£JLh0>l£*S:*£«>S£s IO^IU^(t)Sli, RMS v^^jf^do^ 
t^t, A<J>(tH£l±, if o^feirS^^fc-Stft^fit^-^-^-Sc 
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|i«J:5A(|>(t) ifeOttfB £ itm-T 5. tt^ £ i" 5 P L L <!: L Til 5 0 L fc 
MH z©PLL^ny^ 6» 06 6 bl:PLL^Py^ ^BS^i",, * 



*PLL= 4 



T VC0 



4 N 

J 



(3. 48) 



(3.48) frb, #JSfi* n 7 ^ © v' 7 ^ ^t^t 5 ^l* s 5 r bfrftfrZo . 
0 5 8{i-ifn^n^?fe<brc^^P^^J;5A(t)(t)?fe^tk^-t-S'bO-C*fc5o HI 5 
8 a (iif o ^ a^jfefcj: i? P L L ^ u ^ ^ <DmB%MM &'MlE LfcS*"C*>3. EI 
5 8 b fidO^B^{di£A<t>(t)&<72jii£TA'^" iJ XA 3 SrfflV n T#£aE L/cA<}>(t) 
^^-T„ 2«fciWW»&^*fcv % Ji&#rt6BB (2 OMHz-5 9MHz) <D*s<9 
h/u&^iiii^/i^-t*^ WU JBJit Fourier iS»3EJftlc J: t)A+(t)S:#fco 
P L L ^ D y ^ tf)A<f> (t) {i, 115 3 b [C7^i-VCOCO^^iK^* i 'b>}e*fcA()>(t) 
< Rft5iiW»5 0 PLL^n 5/^OA(()(t)f±{M^iS^^:^^liL 

ID5 9liRMS ^y^4H3£fi£S:it»-t-St>WC*>5o (i) 
:©«fflia 5A4»(t)^(75T/U=»'!; 4 Srffll^T PLL^n 2>>ibA<|>(t) & 
*£^U (ii) 8 0 9 2^^F©A(|)(t)t: r $ ^-^ a 4 Jli£lli$:j (tf'JxJ^flifc 
c l 8 3r#W0 SrftHt, ffiiS Fourier SEift^J; "9 ^^ — ^^^ h/MMIH&Srfll 
J^Lfc (iii) K/M£l±2 &i#J|g?&<£r-^-*&l\l^i£$C$£!S (2 0M 
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Hz-5 9MHz) O0MB*|#a*!7 — h/UOfP&jfctf). 3* (3.33) &/8V^ 

TRMS^2/;?J R ms^^. r^l^(a5A(t.(t)fel± N T/U=fy 

XA3t5£ (3.38) ^fflV^TRMSi/^^ J RMS ^l^tfc 0 El 5 9 ^-f-J; 

#J)D^!>^it«3 a rt« o. 05V^tJ£-C% A(|>(t) 3£ Lfc J RMS <Dm<DJ5& 

El 6 Otet 0 -^ ^y*4££«tteJfc8H- Strife 5. A<t>(t)?£:£:-fc?n*n;*i!fc 
0.05V^i£-C% A*(t)&-C*fl3£Lfc J ppWfiOjiS*# < <Co^5, 

H6 1ali3aiS 0.15V (i? n ? a £: «fj|gj Cmfem) GO b % <D&fam 

B6 1bli, 3ai«0. 10 V (ifn^n^j^J; I9^^t,^^fji) (Dir^OfiLti 

BRft3 2MHz-Cliftl\ Lri>U 1 / f y >f X© z c (t) ttfJEKSEtt Lfc* 

(t)|4B2 2 WHilbert^lftSttl^t^JfcS. z c (t) J±«#t/j!^Srfipofc4t), 

A<J>(t)j£-C*£^Lfc J PP .K.t>*J RMS l±^^^I^feSo 

EI6 0 irlH 5 7 Srtt^S fc. n Oftft:0>U-*5»t -5 4 #JSfi J PP £ 1/3.2 

W±^m^r* tlbft t . A<t>(t)2£li#m o y^WRMSy-^^t'-^^ 
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jgji±^ift^'r'0^e^«t rw^ias^^^i^fe (A<j>(t)?fe) com 

^(?5ifa^n^^i»ib*i^:-C#Sr<b=Sr^lILfCo rHli, A<|>(t) i£#-fcf p t p 
& £ 51&<£> $> 5kWi^7^ Sr*iie-C %Ztcfi><D K & # fc„ fnfSfe * e> 
tf, £#R7£ttT-/j:<£J5ftft*fil30>*^ h/uSrffl^TA<|)(t)$:ti^-rSi:, 
HI 5 6b KjjW-SBg^fcSo BP*>, ffiv^JS&ftoy yiTVi'tfSfiftSjh,*. 
HI 5 7{'7^LfCct 9f~, i?P ^ P*fc<t<a£&i£li3l9|-e#&l\ S^y 

s pll 0ft~A*(t)jfe&jS;f3i-5£. ^^A<|)(t)ife^{M3t^^:^ 

BP*,, 0iJx.{^Hl 3 2 Kflfctfc-C*-r«fc 3 #ESt» PLL 13 & 1 7 * ¥t>h<D? p y 

•3 ^ a y *JHfflflSN<gFtw£;ft-5. ^S«4 1 t L-C^J^Lf^H 7 0a iZ^Xo^ 
5:*>±<9^^v ; T- h y ^f^ilST (toggle) 7y y^Py^fflV^h HI 7 

*L5 0 Ztf>£ ? L-C. * n y^KJgx c (t) OEIJfflSrNfgF (Ntt 2 W-fcOSE 

JF2x c (t)(^^^ft^ii5< fto-Ct, T-^-p^^^/uSElftaS ADC asftflsnTflBft 
^j&ft^T*? p y ? Wx c (.t)com$L&$:Nft<D l t^L-C^y ^SrW^-t-ttH! 
J:v\, 

?n-^ j&Jfc x c (t) <D f — irV-y* t. RMS v> y * Sr^rtL-eti J PPl <h J ^ <t U 
p y ^jftjgx c (t) £:N#£> 1 Lit ^ p y ?<Dz/y P^mfc-tZ t. 

z.thh'Jy & Jpp N , J ^Ji^ft^tt 

Jpn. = JpPi/N , J RS mn= Jrsm./N (4. 1) 
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#5, ^<£>r k*m7 l t^-t-SfJ^lctU^fiEi-So ATE (ggMRffcg 

4 2(*ltf>±:? a ;y^$g£.§ff4 3^bW^n y ^fg v 5 y * ^fig§§=4 4 t£"C 

IE3£i&#-gB ^ y * lw «fc <9 £ nT v= y * jWAD flSf-MD £ 

■?ny?it^frftMi&5 0 T-M#?> 1 i-^JS £ ttt h JJ #i8&£ Ltf^^^t 

$/n*= — ^4 5^flt#&$tLS. t^^/U^p * = — 7*4 5 "C t°— 

PP £ RMS i/ y 9 J rhs «r«H£ U fcOiffljeemSria 7 2, (H 7 3 tttl^tlTF 

rms i?y?t>mz.N*mk£ j &tz.&f(nmi£\m* i/n<D&m.tm£— aitts 

£fcE!7 4i:^tJ:5^ :/*36£S&4 3 «t K> <D? u y ?m f-ti^y ^ 

±d*4 4 -CjE&R £». Xfi^WJPl^tLfc^ V^Ajjg^ b w rand Hi <9 i^y * 
Srf+ADU -tO^y^^f+ADSnfc^n y ^fi#S:^I3E^jaS4 1 T'^U A 

!ffflfiS4 6 "Cfi[*B«l#&^ A <*> (t)%J&$>X t°— * y * £ RMS Srff 
ffib/io A f? fiffitff 4 6 (i^J^OT 3 2 tpOT-^-n ^-7*^^vu^tftSS ADC. M 

1 1 . 12, y =rffi*ai^*as 13. 

jfrtibtz. f— i? \/ y & ^ RMS v^y^Sr-tn-enia 7 5, HI 7 6 l^-To -Hblil 

TUBX-feD, HI 7 5 "pWj&Blfi 1 /Nfft&jrc-fcSo ^nblH7 5. H7 6«t<9, 
#Ji§§4 1 £ A <t>(t)&*m&&Z>^ VmmX < ^:y*S:8!]2£-e#S::£ 

0121 3 2 {Cfci^-CRMS PLL 0^ 1 7 £. K) (D ? a yfit^rx c (t) £#J^ 
gg4 1 t'N^O 1 I^WML, o y^fg ^-Sr^^/uft-i- 

l££fcU lEt^dft*: Hilbert SEJft^^fiJcS 1 1 TMg fS^I-SEl* U 
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J; (9 ^ p y c (t)<7) RMS v 1 y * %M£> 5 Z. t ri 5 T*# 3„ 

|40a ^7F-rHWJ{-*J^X^, ^-C^«t 0 PLL HISS 1 7 «fc <9 

5„ IHHUM 4 0b ^-rHJ6fiaJ(-*5V x "C PLL [UBS 1 7 J: 9 <D * uy{7 

m%-Z^ftm&4 1 XNft<D 1 K#J3 Us -e^W^{- 5 *-tf"Csfc3£fg#-«r** 
L-Ci&^iii§7^/i^^^-W^i-6 «fc 9 \z LX t> <fci\, 

#J;ttflIl3 2. 0 6 8^*5V^, &MX-7rrr&*>\Z.TTu?' J 7 s i?* 
ADC <^ft<9 1^3 WU— * 5 l^fflV^btbSo =»i"-*l' — *5 1 ^ 

t£i$KtiV o 2/^»x c (t)^g|/^X'^r, ^ n ;/ ? i£0 x c (t)©SM 
* 5 1 OA^li:^ a y ^RJK x c (t)<Z>g3|eKj*#£8l "9 ft-Ttefticiii® 

^jStCifil, ^ VC0 (Voltage Contoll Osclator) <0\&?)(D i? y ? £r N d 3 2 
5 1 £fflWc*§^(OijUJj£&fJg:£. e-^ ^2/^(^0^X1117 7 iZ, RMS v^^fC 
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t a v/^ /^^§ ADC « t* s/ HBrCifcSo 

f_^v?^^{i 0.9454 % 8lfyh©»^li 0.9459 -e&ofc. 3 >^^5 1 
SrfflV 0.9532 T'foO, 5 lSrffl^-C^ T-mrfi?* 

T-r*?? n y^fitJ&x c (t) £ LT^iSt-iav^ PLL UlSg 1 7roWM^ 
£.j^g£ 4 ix*ftffl Lfc{ti^7<^t°— 9*Sy9 t RMS v^y^SrlRM^S'J^Lfcfctl^S: 
U7 9 £121 8 Oii^t'^to fc-^-^-^tt^y^V-^S 1 £/BV^fcm-£- 
^± 0. 3429 -efc D . T-^P ADC £/8V\ ^<£> ADC # 2 fc> h© 
m-^fi 0. 3420, 8 tTj/ h©»^{i 0.3474 -©i^t = ^^51 

RMS t?s/^J4=^^-^5 l£fflV>fc*§3ii 0.0500 «9 . 7tn^^ 

/W^fff ADC ^ffl^-e© ADC *S2 hCDtf^fi 0.0505, 8 tTy b<£>*§"^f± 
0.0510 X'h*). si^U— ?5 1 SrfflV^-Cfc 2 RMS v 1 y ? £$IJ^"C 

i9l^P7^»x c (t)l:«^^tt'ifU ^©(S*iiiB7>f/u^ 
m^J S: "7 p ^^^^^■f S^lfeS ADC 0>tt 9 1- =» w<i — ^5 1 c£fflv\ 

* p ;/*z»x c (OKIE&K&S *-tf--C*SS*U ^0<S«ciiig7-f /u^m^Sr 
T-^-p^^^/ugEife-r5SElftaSAX^«?J-=w-?u— ^ 5 1 s&ffl^TfcJ: 

-r * K J: 9 K « L ^ W /J & T p ^ ^ 9 frW&lr 5 £ 
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^v^/l^&ggADC (Dft"9 l:aWU * 5 1 = WU ^ 5 1 cDffl 

«±.lttW L «t 5 \z. , r. <D^PJ (c J; 5 * o y t © y * M^mt , fl?#Hf 

(i) A<|>(t)fefi h U #{t*§-&&g£ Lftv\ (ii) A<j>(t) M—Wy* 
t RMS ^y^SrP^ifl^-CirS, (iii)- A4>(t) ^fflV>Tit^Ufc v^y * 

(v) t^*^ F7 i=^T-t-7^•9-l-«t5v J ^^S 1 J^:^-*Jv^T{±il^^^i?l^ 

c (t)©^j&«C35 s l OMHz r\ ffljgtw 1000 fflM&<&^k Ltzt UT tffl!l^lWI± 

ioo ^ v m^&-r, vlsi bnfcNFiffl-cai^s - 1 &xg z> 0 (vi) 

- 7 ^ ^ Jfc PJ ^ ri* T' #> 6 o 

(vii)H 7 0 Ji^i-^Jtffi^ig^ ci v ?\t ^Q<D±L-h±.*) , SE*>TtMi, ? u 
N^2W (WI4 1 6l±(Dlt) t-tZ^t^XK), ? a -yfm^rx. c (t)<D3L*> 

(viiOsw-U — ^5 1 &flH^6S§£-{2. iiiit^)^ ^n'u— ^ ^i^it^T-^n 
^v^/uSEJfcS ADC J: 9 f^l^S-C'l, L*»fc, — Jtt<Z)a»Jtfe2£3£K 
(ATE) |C(4i^it(^)=«>^U— ^^flipT'^fi^nxi^^^fb. ^ny^iSJ^x 
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/Hfetfu •ea^P^^ra<^ffi»W^e>^*rtjlW-r5 , b«>"C*)S. A <*> (t)jfe£r#J 
/BUT. 1Se*Oifn^a^jfe-e#&tLfcbr— ^S^y^ J pp <t 2»tt &t> of— ^ 
v*s>* J pp 5 ^irri* 0 #Jx.l£H 8 2 {c^-f J: 5 ^fi?#Hf ^£ife#H: 

i i , m#f<iLi®mj£& i 2RW -T&temizSs 1 3 ± *> fc5te*B*t*tfettj4^ 

6 1 fcl«fc •JtfemSftfcffiffiJtW&J&A * (t)f±-fc? o * u^^y^y 6 2^A*f£ 

tfS-tf p^ n^^fflgpe 3-Ctfetti£;h,S. 118 3 a Ktfeffi L/ci? a ^ p 
fc&V^SrOepT-^-n o ^ p^^<t^ D r <Di£iEH£ a * p ^ 

^Ss^SffiffiStSK^A * (t)*s % HI 8 3 b<7)ORJT*^i-«J: 9 ifn^nx 

i/^/Wfil^ov^T W.ffa?>-y~ > T^Htt t <£>M #>tU:£-t? p ^ p * ^ c£> 
*3>ib#\ o£ V) \f—?Vy? J pp 1218 3 bt^A </> (t) <£> n # B £>iJ- :/ 

^/WttA tf> n £: (n+1) #BO-9->^HIffA <*> n+ i i:J;"5 J pp = A <f> n+l - A * n 

0 8 2 (HtjH-J; 5 &-^#Ih)S§6 4(^*5V^T-^p 9 p*-^^ 6 2*^^> i &-9- 

nbtiz> 0 &ibtitzt°-?>>v<? j P p <D-&m\*x—* y*fcr-*tfeffl«i 4ft 

-fcfp^ P*,£&ttjSG6 at^JtSifiia-tfcr^P^^OtftatJjfe^ife^S. At>£ 
■Ifa^n^i/^tL^ llirfEft;tt£ £ Jft'HBtf) 5 0%u^V (5 0%) £ 
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^tu-r-So x c (t)(D^m v )'to^-^y > MUt 5 o%u^v (50%) t<om. 

(x c (j-l)-V (50%)), (x c (j)-V (50%)) !E(-m^><D|f 
(x c (j-l)-V (50%)) X (x c (j)-V (50%)) 

zfM% x c (j-D, x c (j)ri*>A/i><bIE, XiiIE;o>£>:ft£ mffEI§^A£& 
ofcB*N±> x c (t)j)?ifn u-</u^^o^r <ttc/i«9, ^(Dm&AZtetfzy-l/Zf 
x c (j-l),x c (j)^^filO/h^V^(D^J j-l XfA j ^fifSHfn 

2(^L/c^g^fflV^-CHl8 5(C^-TJ: ^(-^(-■^^^^a'J^u^o IU8 4131 

ff^6 5^&(DiE5^m-^l±^^6 6T'2 0 <£> 1 iC/S^gc^ £*L 

©^P5/^ff^l±AD'M6 8 1-J; <9-7 f v J ^/Hf-^('^^n-ClH8 2 {-^ L 

*£f&§§4 AlZtSrtZiiLftmmm®. Jo T*fc5o HI 8 6fi$Jj£Lfcv ; :y*<E>fc 0 - 
^^^t°— ^ (ft;*:fit£:^'Mii<^) Oepfi^-f A-f — /</K?tf8 

raj^fiS^J; < — ffcLTv^:: ir^M£H5„ 1218 7 te» L * * tf> £ III 
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<<l/9— 7 ^£Z>M&lZMtli> 5 0 0 OX'Sb^tztf, Z.(DftW<D 

A tmiSyfMJZmmG 9lz£Zm&l-Z<*Itli> 3 l 7 9X&<9. ^i£«t «3 h'P 

Htc9t\Z.mS 3 b £#BSLTt&9IL7cct 9 ttliitWA 0 (t)£ifi{fi-t?n 

W{i+@^fctJ^-eSiJ^:L/c RMS *J-y& Jrms ^— 5cLT*5?), A 
aiJ^Bfi«o<M^tii^«i:'b5:^tt^fc^o Z.<r)M$^ HI 8 8 {^-T J; 
0^{±mm^tH^m:6 l J; *9 (DiuM^^b. <f> (t)ri»<b-fcf n ^D^i:^ 
-r^-^^^/i-Srif n ^ 6 3 «fc 9 &tti LT, fyy/^llit^i 

i: b-C^{U§§ 1 4 , 1 5H^t5<t9tt5„ fcfc'U ?fe^l21 3 2^LfcA 
<*. (O&^^^SiJ^Bt-o^-cmP^Lfc «k if nx-y-^^^ 6 2 £rl£ 

tt^tLT'b RMS iS>y* Jrms £r$"J^:-C-# 8 8 ^ttW" J; 9 K;*>f y^- 7 1 

litter £fc<tftffl«i 4, 1 5^ft^Tt5J;9l-MtXfeJ;v\ 

-fefn^ P^i^-^-T 5 ^ 6 2&m\t^tJ&&k* fflWiV^^Oli]— 0k{*X~i?v?m>£ 

iR»Jg*i:*El8 9&T>*H19 0 (i-tn-fn^i", rft&OHK^^Tfltttlte^y 

*£j^4 4U:fctt5ffcffl3EW§lf*!t Jo Sr^U Al±-t?o^n^t^7 6 2£ 
JBWc4§£\ VlHf d P^fy7*7 6 2 Srffll^v^-Cfc 0 , H8 9tefc 0 — 
?y frf— ^tfefflgS j_ 4tf>tfettHi*&\ H 9 OfiBSWStfetfiSi 5 ©fSJfUffSr-t 

g*ffj£&[2l9 1 Sr#SgLTtftW-t-S. i^-f • ^ * - V<< 9 friS? * J cc 14, 
P>9^9 * o y *-?->f jr/WiSy ?&9h. 0^19^ (N-l) JWB3^*ft*S^N 

»ira<z>3E«i-c*>s. t^oxia 9 1 ^con^-msse 4^^nhtit^ (n-d $i 
Jpp(N-o (-^ o^o^iBiroffistw»*e>r) i^l, &c:#<bn 

fc»NJWra«>t : -^^y^ J pp(N) &^#[H]?§7 2 let <9 ^L3l<^/cfi: J pp(N) - 
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"gi&mt Lx^mtffi 4, 1 5—^^n6c j cc <Dm^^(Dm^m9 2^ 

l3 9 3K7jH-o fllttlttv'y* J pp 3&*fc>1-. IrI— 's&i?<y 9 SrBI 8 

-f J cc SrS'J^U ^<£> J cc <£>t* f^7A4:t^ hVy^^7 3 

-V- << y 9 <n H ta h -f > 7 ^ y ^ V s y * <n m S I- t> - tf>3§ p ^ te^T$j T* £> 6 . 

=7^¥J»i>~y?%m8 2{'^Lfc A 4> (t) «t S ^ y ^iffl^ltSrfflV^TiBI^ 

A^m ^^^^t u w^^tm (am) *s*»*>o/t^s8w»^ii. 
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if>I) U -eo^^^tLfcff^-^o^T^fe^rftfc^l L#^«[V th l «t>9^# 
vMf -PHtfifg 1 L#v^v th i tt#i^ f^*fc^2 L#vM£v th 2 «v 

th l) J; •3/h^V^f^fitlim2 L#V^fttV th 2 i«#^^5^<t^fT^n5„ w<D 

(^^A^y^-^u) T in £ % ftCM^^^t-oo^M (*Hgf$ 

<Z)&7T0«t. ^03i£tBH?n * (OEP) ^^-To ^ ^{ifB^W^c^ A (t) £ 

A * (t)lijE3£«:ifc-r?<fcfl , o£ 5 ^a^oTfraSjE&RtfcfcSSft: 

-fS^^jS^s/^Oli^-CfeS. :«lt*l±t-f vR^yd'fl) lBHWl^ 3 4 
<@0 A <f> (t)if n ^P^ty^/^St^^ 199 fi^ft^T 1 s/T" T s # 1 7 
~y"f)V^ 3£#fflH T in 75* 1 7-y-V^/U,^^-C% *H»B#£<J j <£> A </> (t) <75if 
p^-^^-^/ufiiA <f> (j) j +T in 0>H#$iJ<Di? p * u ^-^^^/u A $ (j + 
T in ) t^ib^MlA 4> (j + T in )- A 4> (j)/J««***t«„ &l'B#£iJ(j + T in )tf>-tf-> 
^OMlffA <f> (j + T in ) t<0 T in A * (j+ 2T in )tWiA * <j + 

2T in )-A ^ (j+T in )*s**e>ix5. ?e*<z>^>r a>t ^/t'ftwiSK^ir-e 

o£ 9 y -f T s &• T in \z. £ 9 /h $ < 5 CL £ t)*T'# ftri>o fc 0 

rw^BWCfi^Sh^^-y^Ts «rH»raRH T in J:«9, T s <T in i: -f5 r £ t)S"C# 
5„ oi>Jiiooi:/TtJ;?i:, |g i o o a ro-if p-^>^/n^ia^J{-*JV^T. 
u$£ij j a^Sbf^ft-M^bfcS-^Sw. HI l 0 0 bUiTiWJ: 9^> B#£"J j frh&Wi* 

ryT 8 T s r^^MPSflj > J + T s , j + 2T S , — T A <f> (t) <7>£--tf- A <f> (j) , 
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A<f>u+T s ), a *u+ 2T s )-&#tuu mi-y-^y^zk&ikLx^yyT 
yi£»ittu B#^jj. j+T s , j+2T s , -icttu h^iri T in mmti 

tzttm j + T in , j + T s + T in , j+2T s +T in , -Tai 0 0 c K^i" <fc 5fc A <f> (t) 
(D^-lM'TVl' A 0 (j + T in ). A* (j+T s + T in ). A* (j+ 2T S + T in ), — £WL 

aLti2tyy/^j^777 ku&wu mi o o d^^-r«t5i-w 

*l SI 1 ^-7*/^^ £ $ 2 -9- i^/l^?IJ (Dl^l— m&CD i> <0 tZIO V ^XM 2 >^ 

T s <T in <D&<*xm ft r. £ ds-et 5, 
111 0 1 fill 9 9 t^Lfc»WfS#H'«fc«P x c (t)<DR^£&«SHFJfc7&A <f> 

t L^^raRB T in £ 1 7 if p * u^&b Ufc«£-<Z)|g-Cfo5„ ^<£>^§£-l;£HI l 0 
l cl:7i?tJ:5l^ p*n*^r£tt:, H^IHRS T in (17fD^a^) 
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